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Abstract 
Approximation of structural components by the plane model 2D is most frequently applied in the design practice. This paper 
presents simple, technical and engineering procedure of modelling flat slab of reinforced concrete slab-column structures and so 
allows to obtain in the plane model 2D results close to those of the very difficult modelling by solid elements. 
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1. Introduction 
In technical calculations usually several simplifications are applied approved by the standards of designing. 
Among others, it has been assumed that a structure consists of isotropic materials with linear characteristics 
and determined values E and , neglecting the redistribution of internal forces caused by extra-elastic or rheological 
deformations of the elements. The present paper deals with problems of calculating the models of the flat slab, 
analyzing this problem concerning one selected storey. Such a selection of one storey is traditional in the case of 
calculating this type of structures. Based on these assumptions, the actual structure is replaced by a numerical 
model, usually applying flat (shell) finite elements. Practically, most often slab-column structures are modeled 
making use of shell elements (slab) and bar elements (beams, columns). These elements are described by their 
rigidity, neglecting the influence of the geometrical dimensions of these elements at the connections. It has long 
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been known about the non-compliance of the model with the real situation that occurs within the node (the area of 
the interpenetration of the column and flat slab.) Within the area of the interpenetration of the slab and the column 
there is a mutual stiffening the slab by the column and vice versa. Around the node the deformations of these 
elements are insignificant if compared with the adjacent area. Therefore, originally the connection of the column 
with the slab was mainly modeled by installing additional nodes along the circumference or on the surface 
of the column (Fig. 1). Further information concerning such an approach can be found in [1]. The results of this 
work were the tabular methods of calculating the slab-column structures. Thanks to the application of computers 
a much more thorough designing and detailed analysis of the zone of connection of the slab with the column has 
become possible. At present structures can be modelled by means of advanced computer programmers making use 
of the software FEM (e.g. Ansys, Abaqus), which permit an accurate or at least approximate representation of the 
geometry of the structure and to take into account the material characteristics of the structure. Due to the high costs 
of such software, the incomparably long time to create and calculate of such a model, and also because 
of difficulties connected with the interpretation of the results and their processing, this approach is seldom used by 
the designer. In the design of structures the problem of applying the model to actual situations (within the frame of 
the conventional application of linearly elastic material) has been dealt with in numerous publications. The main 
problem was and still is the necessity of taking into consideration the rigidity in the connections of the slab and 
the column. Many authors have described both theoretically and practically the numerical modeling of this problem 
[3]. Further on several ways of replacing advanced numerical models by simpler and less time-consuming design 
models will be presented (Fig 2). 
 
Fig. 1. Calculation models for the connection of the slab with the column - ways of the realization of the load moment [1] 
 
Fig. 2. Various ways of the modeling of connections [7] 
From the practical point of view a technically efficient approach in the modeling of a slab-column structure is: 
the modeling of columns with beams and modeling the connection of the slabs with the columns in nodes situated 
in the axis of the columns. In the case of such assumptions the calculation model can be matched to the situation 
occurring at the place of the interpenetration of the slab and columns only by: increasing the rigidity of the slab 
above the columns (Fig. 2(e)) and modifying the length of the columns. Such an approach has been applied already 
for several years [10,11]. The aim of this paper is to determine, the range of the correct application of these 
assumptions and to suggest a more universal approach permitting to apprehend differentiated geometrical situations. 
2. Numerical solution of this problem 
In order to determine the proper procedure of modelling the slab-column connections in flat (shell) engineering 
models several comparative models have been investigated. Based on ANSYS program [5], [12] were made flat 
models and spatial models, which are compared with each other. The aim of this analysis was to assess the influence 
of: 
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 the boundary conditions representing the localization of the analyzed element in the model; 
 the lengths of the spans;  
 the dimensions and values of the thickened surface of the slab at the place of the interpenetration of the column 
through the slab;  
 the stiffening of column by the slab. 
The analysis comprises twelve of the most frequently applied connections of the slabs with the columns. 
The geometrical dimensions and the way of supporting the considered structural connections are to be seen in Fig. 3, 
taking into account various sets of parameters, viz. the thickness of the slab (hp = 12, 20, 32, 40 cm), the dimensions 
of the column (c =30, 40, 60, 80, 100, 120 cm), the span of the slab (1 = 540, 600, 720, 900 cm). The height of 
the column was constant 2lo = 3.0 m. Altogether 1152 calculation models (shell and spatial) have been analyzed.  
 
a 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b 
 
Fig. 3. The shape and geometrical dimensions of the models: (a) plan, (b) vertical section 
In compliance with the obligating standards, guidelines and recommendations [13] - [15] for the purpose 
of determining the required amount of reinforcement in the structure the following values of the bending moments 
are calculated: Mutw, Mcal,1, Mcal,2, Mcal,3, Mcal,4 (designation by Fig. 5), and then multiplied by the length  
of the column.  
As point of reference in the analysis calculations concerning spatial models have been applied. In all models 
the same division into volumetric finite models with the horizontal dimensions 5 x 5 cm and vertical dimension of 
2 cm were assumed (Fig. 5). The values of moments in the slab (Mcal,1, Mcal,2, Mcal,3, Mcal,4) were determined 
in compliance with the diagram presented in Fig. 4. In order to determine the value of the moment at the support 
(Mutw) the horizontal relation (R) at the point of supporting was read-off, and then multiplied by the length of 
the column lo. 
A similar division of the finite elements was assumed also in flat models, in which the dimensions of the finite 
element amounted to 5.0 x 5.0 cm. In the point of the permeation the column by the slab, a point wise support was 
assumed with a geometric-material characteristics corresponding to the parameters of the column. The values of 
the bending moments in the slab (Mcal,1, Mcal,2, Mcal,3 and Mcal,4) and at the spot of the support (Mutw) were taken over 
from the calculation program. 
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Fig. 4. Diagrammatic view of the division into finite elements - spatial model: (a) fragment of the corner connection,  
(b) fragment of the edge connection, (c) fragment of the center connection, (d) cross-section A-A 
 
Fig. 5. Determination of the measured quantities: (a) Mutw  moment of fixing the column in the slab,  
(b) Mcal  moment (Mcal,1  total moment integrated from the width of the column, Mcal,2  total moment integrated from the width 0,5ly, 
 Mcal,3  total moment integrated from the width ly, Mcal,4  total moment integrated from the width ly inside range of the span) 
2.1. Choice of the area of the thickened slab at the penetration of column through the slab 
In the first stage of the analysis the optimal dimensions of the zone were tried to be found, which should in a flat 
model be thickened in order to get a similar distribution of the moments as in the spatial model. Initially models of 
a central connection were analyzed (Fig. 3(a)), which were loaded asymmetrically. In the analysis all combinations 
of geometrical parameters were taken into account (hp, l, c). For each combination of geometrical parameters 
in the spatial model,  twenty-one flat models have been constructed, taking into account 7 values of thickening 
the slab hp hp .0 hp; 1.5 hp; 2 hp; 3.0 hp; 3.5 hp; 4.0 hp), as well as three preliminarily suggested dimensions of 
the thickened zone with the values 0.5c , 0.75c and 1.0c. 
In every calculation in both models (spatial and flat) the value of the bending moments in the slab (Mcal,1 , Mcal,2 , 
Mcal,3 , Mcal,4) and at the point of supporting (Mutw) was determined, all of them being then compared with each other, 
according to the formula (1) - (below assumed calling all moments calculated Mutw , Mcal,1 , Mcal,2 , Mcal,3 , Mcal,4 as 
Mspacial for model 3D and Mshell for model 2D). Selected results of these calculations have been gathered in Fig. 6 as 
percentage deviations  between the spatial model Mspatial and flat model Mshel1. 
%
M
M
shell
spatial 100  (1) 
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a b 
    
of the moments of support Mspatial,utw and Mshell,utw ,  
depending on the value of the thickness of the slab and the dimension of the column:  
(a) hp =20 cm, lp =6.0 m, column: 40x40x150cm, (b) hp =20 cm, lp =6.0 m, column: 80x80x150 cm 
Basing on these results and assuming merely thickened areas of the slab (without taking into account 
the stiffening of the column in the zone of penetration) it may be said that: 
 no thickening of the slab in the penetration area of the column leads to significant differences between the results 
obtained in the spatial model and the flat model; 
 if the deviation is to be less than +5 %, as suggested in [10,11] a thickening of the slab within the range  
2. .0 hp  cm and column with dimensions  
of 40x40 cm and 60x60 cm; 
 the span of the slab (5.4 m; 6.0 m; 7.2 m; 9.0 m) does not affect considerably   < 0,5 %) for differences 
in the value of the fixing moments; 
 the optimal length of the area of thickening of the slab above the column amounts to 0.75c 80c of the column, 
because in the case of a thickening with a length of 0,5c in many cases have not been able to receive 
a concurrence of results, whereas thickening over the entire area of the column leads to sudden changes  
of the values of the reaction of the supports. 
2.2.  Determination of the substitute height of the column  
The problem of increasing the rigidity of the column at the point of its penetration through the roof is often 
neglected in the construction of a numerical model of the roof. This problem is taken into account explicitly 
in methods concerning substituting frames complying with the standards [13]. There are two ways of taking into 
account changes in the rigidity of the column in the calculations [9,10]. The rigidity of the column may be locally 
changed at the height of 0.5hp (Fig. 7(a)), increasing, for instance, the transverse dimensions of the column in this 
section ten times. The same effect can be achieve by an adequate change of the height of the column (Fig. 7(b)). 
The author of [10] suggests the introduction of the substituting length of the column making use of the formula: 
pozast hll 5,2  (2) 
The feasibility of this suggestion has been tested by analyzing arbitrary combinations -length of the column 
lo=300, 400, 500, 600 cm; transversal dimensions c = 30, 40, 60, 80, 100, 120 cm; thickness of the floor slab  
hp = 12, 20, 32, 40 cm. It has been found that formula (2) proves to be correct in all the analyzed situations, 
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the maximum deviation being less than 1 %. It was also confirmed that in the case of stepwise changes 
of the rigidity of the column the transverse dimensions do not influence the substitute length. 
 
 
Fig. 7. Equivalent models of the rigidity of a column - deformations of the column versus the slab [10]: (a) model I (infinite rigidity 
of the column over its width 0.5 hp), (b) model II (regarding the stiffening of the column by the slab  shortening of the column) 
2.3. Determination of the value of thickening of the column, taking into account the stiffening of the column  
In order to determine the value of the thickening of slab with simultaneous change in the stiffness of the column 
in the program Ansys were made the models (shell and spatial) of fragment of typical slab-column structure (Fig. 3) 
applying the following assumptions:  
 substitute length of the column element calculated by formula (2); 
 surface area of the thickening with a side equal to 0.75c; 
 span l = 600 cm (previously it had been found that the span does not influence the obtained values). 
Concerning the assumptions quoted above, comparison calculations have been carried out, taking into account all 
kinds of connections (Fig. 4) and various combinations of geometrical parameters (c, l, hp). In the analysis it has 
been assumed that the optimal thickness of the slab is attained when in the comparison of the bending moments 
in the slab (Mcal,1 , Mcal,2 , Mcal,3 , Mcal,4) and at the point of the support (Mutw) the value of  not 
exceed 5 %. 
The obtained values permitted to derive two formulae for calculating the thickening of the slab concerning: 
 the intermediate storey 
ph
p
pp h
c
l
h,'h
20
2060050  (3) 
 the highest storey 
ph
p
pp h
c,
l
h,'h
24
24550600750  (4) 
where: c, l, hp , hp  given in cm. 
The values of the support moments obtained in the Ansys program (shell model), basing on the aforesaid 
assumptions and the formulae (3) and (4), were compared with results obtained in the Ansys program (spatial 
model). The examples of the results deviations  have been partly presented in Fig. 8. Other calculated situations, 
b a 
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mentioned earlier, which may turn up in the course of numerical modelling, have been considered, too. Finally, 
the following variants of connections the slab with the column have been dealt with: 
a) without any thickening and shortening the column (A1  edge connection, A2 - central connection)  
b) shortening of the column in compliance with (2) without a thickened slab (A5  edge connection,  
A6 - central connection)  
c) threefold thickening in the zone adjacent to the column without a shortening of the slab  
(A3  edge connection, A4 - central connection)  
d) simultaneous threefold thickening in the zone adjacent to the column and shortening of the column 
in compliance with (2) (A7  edge connection, A8 - central connection)  
e) thickening in the zone adjacent to the column in compliance with (3) or (4) and shortening of the column 
according to the formula (2) (A9  edge connection, A10 - central connection) 
a 
 
b 
 
Fig. 8 of the moments of support Mspatial,utw and Mshell,utw ,  
depending on the value of the thickness of the slab, the dimension of the column and the kind of the connection:  
(a) hp =20 cm, lp =6.0  m, column: 40x40x150cm, (b) hp =40 cm, lp =6.0 m, column: 80x80x150 cm 
The obtained results lead to the following conclusions: 
 when the stiffening of the node connected with the penetration of the column through the slab in the 2D model is 
neglected, there may arise deviations of the support moments compared with the 3D model exceeding 100 %;  
 when the shortening of the column according to the formula (2) is not taken into account, an additional deviation 
of 0 % to 12 % will be the result this effect is more evident in the case of more rigid slabs connected with slender 
column; 
 the application of a threefold thickening of the slab above the trace of the column (0.75c) mostly involves 
 %, within the range of 20 cm to 30 cm thickness of the slab and the dimensions 
of the column amounting to 40x40 cm and 60x60 cm; when the thickness of the slab exceeds 30 cm 
and the dimensions of the column amount to 80x80 cm, the deviations are larger; 
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 if the zone adjacent to the column is divided into finite elements, the thickening of the slab above the trace of 
the column according to the formulae (2) or (3) as well as the shortened bars of the column in compliance with 
(4) permit to attain deviations not exceeding 5.45 % (in the case of typical, most frequently applied geometrical 
parameters the deviation does not exceed 4 %). 
In computer aided calculations it is to be taken into account that the upper column cannot transmit tensile forces. 
If this fact is not taken into account, the immobilization of the upper edge of the column leads to errors not 
exceeding 2.5 %. 
3. Conclusions 
Not taking into account the stiffening of the slab in the point of the penetration of the column as well as changes 
in the rigidity of the column may lead to considerable discrepancies of the obtained results, in comparison with more 
insightful calculations of the slab. The analysis dealt with in this paper indicates a large influence of the rigidity of 
the connection on the forces exerted by the slab on the column. However, this influence is significant merely 
in the area of the penetration of the column through the slab, because the obtained values of the supporting moments 
between those models taking into account the influence of the rigidity and those not taking it into account 
the influence of the rigidity differ sometimes more than twice. In the case of examining the area with a larger range, 
the impact of the stiffness decreases so that summarily the differences in the investigated range of geometrical 
dimensions do not exceed 38 %. The proposed method take account of stiffening slab by column allows by using 
formulas (2) or (3) and (4) to reduce an error of calculation to the value 5 %. 
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